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TITLE: Radio Communication System 
ABSTRACT 

[Constitution] When a terminal 21 d lies inside a communication area of a main base 
station 12 and a communication area of a spot base station 14, upon transmitting a link 
channel establishment request to the main base station 12, the spot base station 14 also 
requests a link channel establishment request. At this time, the spot base station 14 
outputs a connection switching request to the main base station 12 by means of an ISDN 
line 16, and the main base station 12 receives this connection switching request. As a 
result, the main base station 12 switches the connection of the terminal 21 d to the spot 
base station. That is, terminal 21 d establishes a channel with the spot base station 14 
to transmit and receive data. 

[Effects] Since the terminal connection is switched to the spot base station by 
communications between the main base station and the spot base station, it is possible to 
suppress increases in the traffic to the main base station without any load on the 
terminal. 
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CLAIMS 

1 . A radio communication system wherein a terminal exchanges data with either 

one of a main base station and a spot base station positioned inside a first 
communication area of said main station and having a second communication area 
smaller than said first communication area of said main base station; 
characterized in that 

said spot base station comprises receiving means for receiving a link channel 
establishment request sent from said terminal to said main base station, and output 
means for outputting a connection switching request of said terminal to said main base 
station upon receiving said link channel establishment request; and 

said main base station comprises switching means for switching the connection 
to said spot base station upon receiving said connection switching request. 



DETAILED DESCRIPTION OF THE INVENTION 
Technical Field of the Invention 

The present invention relates to a radio communication system, particularly for example, 
a radio communication system wherein a terminal exchanges data with either one of a 
main base station and a spot base station positioned inside a first communication area of 
the main station and having a second communication area smaller than the first 
communication area of the main base station. 

Conventional Art 

According to the standards for second-generation cordless telephones published by the 
Radio System Development Center, digital cordless telephone terminals (hereafter 
"terminals") are capable of exchanging data with a base station by radio. That is, the 
terminal receives a control slot which is intermittently sent from the base station during 
standby, and upon judging thereby that there is a call to that terminal, uses the control 
slot to establish a link channel with the base station. When the terminal starts 
communications on its own, its sends a link channel establishment request using its own 
control slot to establish a link channel. During communications, the terminal uses the 
communication slot to exchange data with a base station. 
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In this type of second-generation cordless telephone system, it can be predicted that the x 
traffic will increase in the future. For this reason, as a countermeasure, a method of 
suppressing increases in the traffic of the main base station by positioning spot base 
stations at locations where the traffic is concentrated such as near stations or at 
intersections as well as the main base stations, and having the terminals send link 
channel establishment requests with respect to spot base terminals upon receiving 
control slots from spot base stations as well as the main base station has been 
considered. 

Problems to be Solved by the Invention 

However, in this case, problems arise in that the processing of the terminal is 
complicated and the power consumption of the terminals becomes large. Additionally, 
since this type of method is not a requirement in the standards, it is not possible to 
handle all terminals. As a result, the main purpose of this invention is to offer a radio 
communication system capable of suppressing increases in the traffic of the main base 
station without putting a burden on the terminals. 

Means for Solving the Problems 

The present invention is a radio communication system wherein a terminal exchanges 
data with either one of a main base station and a spot base station positioned inside a 
first communication area of said main station and having a second communication area 
smaller than said first communication area of said main base station; characterized in 
that said spot base station comprises receiving means for receiving a link channel 
establishment request sent from said terminal to said main base station, and output 
means for outputting a connection switching request of said terminal to said main base 
station upon receiving said link channel establishment request; and said main base 
station comprises switching means for switching the connection to said spot base station 
upon receiving said connection switching request. 

Functions 

When a terminal positioned inside a communication area of a main base station and 
inside a communication area of a spot base station transmits a link channel 
establishment request to the main base station, the spot base station also receives this 
link channel establishment request. At this time, the spot base station outputs a 
connection switching request with respect to a main base station by means of an ISDN 
line, and the main base station receives this connection switching request. As a result, 
the main base station switches the terminal connection to the spot base station by, for 
example, instructing the terminal to switch the transmission destination and providing a 
connection switching response to the spot base station. Consequently, the terminal 
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establishes a service channel with the spot base station and exchanges the data. 
Effects of the Invention 

According to this invention, a terminal connection is switched to a spot base station by 
communicating between a main base station and a spot base station, so as to enable the 
traffic of the main base station to be increased without putting a burden on the terminal. 
The above-mentioned purpose of this invention, other purposes, characteristics and 
advantages shall be made much clearer by the detailed description of the embodiments 
given below with reference to the drawings. 

Embodiments 

With reference to Fig. 1, the radio communication system 10 of this embodiment 
includes a main base station 12, and a plurality of spot base stations 14 positioned inside 
the communication area of the main base station 12. The communication areas of the 
spot base stations 14 are smaller than the communication area of the main base station 
12, and is included inside the communication area of the main base station 12. These 
spot base stations 14 and the main base station 12 are connected by an ISDN line 16, 
and the main base station 12 is connected to a base station supervisory management 
installation 18 by means of an ISDN line 20. Therefore, with regard to the terminals 
21a-21c in the communication area (aside from the communication area of the spot base 
station 14) of the main base station 12, call voice data and various communication 
control data are exchanged in the ISDN line 20, and with regard to the terminal 21 d in 
the communication area of the spot base station 14, call voice data and various 
communication control data are exchanged in the ISDN lines 16 and 20. The main 
base station 12 is positioned such that the communication area of the main base station 
12 partially overlaps with the communication areas of other main base stations (not 
shown) so as to cover the entire ground surface. 

The main base station 12 is structured as shown in Fig. 2. This main base station 12 
transmits control slots (1 slot = 224 bits) to the terminals 21a-21d, and exchanges 
channel establishment requests from the terminals 21a-21d by means of the RF-IF 
portion 22a, the modulation-demodulation portion 24a, the digital signal processing 
circuit 26a and the antenna 29. Additionally, it TDMA processes data input from the 
ISDN line 20 through the line control circuit 28 by means of a digital signal processing 
circuit 26b, and transmits the processed communication slots (1 slot = 224 bits) by 
means of the modulation-demodulation portion 24b, the RF-IF portion 22b and the 
antenna 29. Furthermore, the communication slots inputted to the digital signal 
processing circuit 26b from the terminals 21a-21d via the antenna 29, the RF-IF portion 
22b and the modulation-demodulation portion 24b are processed, and the data obtained 
in this way is placed on the ISDN line 20 via the line control circuit 28. Furthermore, 
in accordance with connection switching requests given to the control circuit 30 from 
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the spot base station 14 via the ISDN line 16 and the line control circuit 28, the control 
circuit 30 transmits connection switching instructions to the terminals affected by the 
connection switching request by means of the digital signal processing circuit 26b, the 
modulation-demodulation circuit 24b and the RF-IF portion 22b, and transmits a 
connection switching response to the spot base station 14 via the line control circuit 28 
and the ISDN line 16. 

The main base station 12 can process 4 slots per carrier by means of the RF-EF portion 
22b, the modulation-demodulation portion 24b and the digital signal processing circuit 
26b, whereby four terminals are connected to the main base station 12. Therefore, in 
order for the main base station 12 to increase the connecting ability with the terminals, 
it is necessary to increase the RF-IF portions, modulation demodulation portions and 
digital signal processing circuits for the communication slots. Additionally, the control 
device 30 is connected to the RF-IF portion 22a and the digital signal processing circuit 
26a as well as the RF-IF portion 22b, the digital signal processing circuit 26b and the 
line control circuit 28. Carriers for the control slots and communication slots are 
decided and calls are controlled by means of this control device 30. 

When the main base station 12 transmits control slots with respect to the terminals 21a- 
2 Id, LCCH superframe structure slots such as shown, for example, in Fig. 3, TDMA 
processed by the digital signal processing circuit 26a, they are 7t/4-shift QPSK 
converted by the modulation-demodulation portion 24a, then frequency-converted in the 
RF-IF portion 22a, and transmitted from the antenna 28. The terminals 21a-21d 
receive designated slots, and when the identity code contained in the PCH slot matches 
with their own identity codes, they transmit link channel establishment requests to the 
main base station 12 after the passage of 2.5 milliseconds from reception of the slots. 
The BCCH shown in Fig. 3 is a downlink channel for giving control information from 
the main base station 12 to the terminals 21a-21d, whereby information relating to the 
channel structure and system information is transmitted. Additionally, the PCH is a 
point-multipoint downlink channel for transmitting the same information from the main 
base station 12 to the terminals 21a-21d in a wide area of a single cell or a plurality of 
cells (simultaneous calling area), whereby control information required for call 
connections are transmitted. Furthermore, SCCH is a point-point bi-directional 
channel for transmitting information required for call connections between the main 
base station 12 and the terminals 21a-21d, whereby information is transmitted 
independently for each cell. 

Additionally, when the main base station 12 exchanges communication slots with the 
terminals 21a-21d, it exchanges slots structured as shown in Fig. 4(A). That is, when 
transmitting from the main base station 12, the slots T1-T4 (T: transmit) TDMA 
processed by the digital signal processing circuit 26b are 7i/4-shift QPSK converted by 
the modulation-demodulation portion 24b, then frequency-converted in the RF-IF 
portion 22b and transmitted to each terminal 21a-21d from the antenna 29. On the 
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other hand, when the main base station 12 receives slots from the terminals 21a-21d, the 
slots R1-R4 (R: receive) shown in Fig. 4(A) are frequency-converted in the RF-IF 
portion 22b, demodulated in the modulation-demodulation portion 24b and thereafter 
provided to the digital signal processing circuit 26b. As is shown in Gigs. 4(B)-(E), 
each terminal 21a-21d receives a designated slot R1-R4, and transmits slots T1-T4 after 
the passage of 2.5 milliseconds from reception. 

Since the spot base station 14 has roughly the same structure as the main base station 12 
aside from the fact that it does not have the ability to transmit control slots, is connected 
only to the ISDN line 16, and is capable of receiving and monitoring link channel 
establishment requests from the terminals 21a-21d to the main base station 12 and 
transmitting the results to the main base station, a detailed description shall be skipped. 

Next, the activity between a terminal 21a in the communication area (aside from 
communication areas of spot base stations) of the main base station 12 and the main 
base station shall be explained. First, when there is a call from the main base station 
12 to the terminal 21a, the terminal 21a transmits a link channel establishment request 
to the main base station 12. If there is a communication channel capable of being used 
for the link channel establishment request, the main base station 12 transmits a link 
channel assignment message to notify the terminal 21a thereof From the moment of 
this call to the assignment of the link channel, signals are exchanged using control slots, 
but the main base station 12 and terminal 21a switch the slot used at the time of 
exchanging the link channel assignment message to a communication slot. Then, the 
terminal 21a sends a synchronization burst, and a main base station 12 which has 
received this transmits the synchronization burst. Thereafter, the TCH bursts are 
simultaneously exchanged, and the movement to a TCH connection state is completed. 
The TCH is a point-point bi-directional channel for communicating information 
between users. Thereafter, a layer 3 message exchange is performed after the 
establishment of a link in layer 2, and if these are normal, it shifts to a calling state. 
When the terminal 21a wishes to initiate a call itself, a link channel establishment 
request is sent from the terminal 21a to the main base station 12, and thereafter, the 
above-described procedures are performed to shift to a calling state. As a result, call 
voice data for a terminal 21a is exchanged via the ISDN line 20. 

Next, with reference to Fig. 6, the activities between the terminal 21 d positioned in the 
communication area of the spot base station 14, the main base station 12 and the spot 
base station 14 shall be explained. First, when there is a call from the main base 
station 12 to the terminal 21d, the terminal 21d transmits link channel establishment 
requests to the main base station 12. In response, if the main base station 12 has an 
available channel, it transmits a link channel assignment message to the terminal 2 Id. 
On the other hand, the spot base station 14 intercepts link channel establishment 
requests from the terminal 2 Id to the main base station 12, extracts the identifier for the 
terminal 21 d contained therein, and identifies the terminal positioned in the 
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communication area of the spot base station 14. Then, a connection switching request 
is sent to the main base station 12 by means of the ISDN line 16. This connection 
switching request is structured according to the format shown in Fig. 7(A). That is, an 
identifier for the spot base station is transmitted in the first 8 bits, a terminal identifier 
(PS-ED: 28 bits) is transmitted in the next 32 bits, and these are followed by a switching 
carrier number and a switching destination slot number. 

While the main base station 12 exchanges synchronization bursts and TCH bursts in the 
same manner as described above even after receiving connection switching requests 
from the spot base station 14, after the exchange of layer 3 information following these 
exchanges and immediately before shifting to a calling state, a TCH switching 
instruction message is sent to the terminal 2 Id, and the terminal 21 d orders a TCH 
connection with the carrier and slot number affected by the connection switching 
request with the spot base station 14. Simultaneously, the main base station 12 
transmits a connection switching response message including a spot base station 
identifier and PS-ID to the spot base station 14 by means of the ISDN line 16 as 
indicated in Fig. 7(B). As a result, the spot base station 14 is notified that the 
connection with the terminal 21d will be switched. Thereafter, synchronization bursts 
and TCH bursts are exchanged between the terminal 2 Id and the spot base station 14 to 
shift to a calling state. As a result, the call voice data of the terminal 21d is transmitted 
and received via the ISDN lines 16 and 20. Since the TCH switching instruction 
messages are specified by the standards, a detailed description shall be omitted. 
Additionally, when a terminal 21 d wishes to initiate a call itself, the activities following 
transmission of the link channel establishment request in Fig. 6 are performed. 

According to this embodiment, the connection of the terminal 21 d is switched to a spot 
base station 14 due to communications of a connection switching request and 
connection switching response between the main base station 12 and the spot base 
station 14, so that it is possible to suppress increased traffic in the main base station 12 
without putting a burden on the terminal 21d. While the spot base station 14 is 
connected directly to the main base station 12 in this embodiment, the invention is not 
restricted thereto, and as shown in Fig. 8, it is possible to connect the spot base station 
32 with the spot base station 14 by the ISDN line 34, and communicate connection 
switching requests and connection switching responses between the spot base station 32 
and the main base station 12 by means of the ISDN lines 16 and 34. In the case of this 
type of structure, it is necessary to make the spot base station 14 not receive connection 
switching requests from the spot base station 32, and with regard to connection 
switching responses from the main base station 12, judge whether or not to receive spot 
base station identifiers contained in the data. Therefore, in the radio communication 
system 10 shown in Fig. 8, it is necessary for the data formats for connection switching 
requests and connection switching responses to be structured as shown in Figs. 9(A) and 
(B), and for the spot base station 14 to judge whether or not data applied to the spot base 
station 14 is a connection switching request or a connection switching response 
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according to the message identifiers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A schematic diagram showing an embodiment of the present invention. 

Fig. 2 A block diagram showing a main base station. 

Fig. 3 A schematic diagram showing an LCCH superframe. 

Fig. 4 (A) A schematic diagram showing a communication slot in the base station, (B) 
a schematic diagram showing a communication slot in terminal 21a, (C) a 
schematic diagram showing a communication slot in terminal 21b, (D) a 
schematic diagram showing a communication slot in terminal 21c and (E) a 
schematic diagram showing a communication slot in terminal 2 Id. 

Fig. 5 A schematic diagram showing a communication protocol between a terminal 
and a main base station. 

Fig. 6 A schematic diagram showing a communication protocol between the main 
base station and a spot base station. 

Fig. 7 (A) A schematic diagram showing a connection switching request message, and 
(B) a schematic diagram showing a connection switching response message. 

Fig. 8 A schematic diagram showing another embodiment of the present invention. 

Fig. 9 (A) A schematic diagram showing a connection switching request message and 
(B) a schematic diagram showing a connection switching response message. 

Description of the Reference Numerals 



10 radio communication system 

12 main base station 

14, 34 spot base station 

22a, 22b RF-IF portion 

24a, 24b modulation-demodulation portion 

26a, 26b digital signal processing circuit 



